SUMMARY In order to establish the relative prevalence of mitral valve prolapse as diagnosed by two dimensional echocardiography, we studied 100 presumably healthy young women with two dimensional echocardiography and M-mode echocardiography, history, physical examination, electrocardiography, and phonocardiography. Two dimensional echocardiograms were obtained from parastemal, apical, and subcostal acoustic windows. Mitral valve prolapse was defined as extension of leaflet tissue cephalad to the plane of the mitral annulus into the left atrium; note was also made of any valvular thickening, redundancy, or excessive annular motion. One subject had a midsystolic click and late systolic murmur with evidence of mitral prolapse on both M-mode and two dimensional echocardiography. One subject had a midsystolic click with mitral prolapse demonstrated by two dimensional but not on M-mode echocardiography. One subject had a thick mitral valve on echocardiography but no click or murmur. Four subjects had midsystolic clicks without echocardiographic abnormalities. Mild artefactual pansystolic posterior bowing of the mitral valve on the M-mode echocardiogram could be produced in 20 subjects by incorrect transducer position. We conclude that the prevalence of mitral valve prolapse by two dimensional echocardiography is relatively low in presumably healthy young women. Use of two dimensional echocardiography may avoid overdiagnosis of mitral prolapse and identify a smaller group of individuals with true anatomical abnormalities of the mitral valve.
More recently, two dimensional echocardiography has been used to detect the abnormal pathology representing the prolapsed mitral valve.'3 14 Because of its unique ability to provide information on intracardiac structure, two dimensional echocardiography may be a more specific and sensitive means for diagnosing mitral prolapse and has been proposed as the "gold standard" for such diagnosis. '5 We therefore used two dimensional echocardiography to assess the prevalence-of mitral prolapse in presumably healthy young women, a group generally thought to be more frequently affected by this syndrome.
Prevalence of mitral prolapse by two dimensional echocardiography in healthy young women After giving informed consent, each subject-filled out a medical questionnaire which was later reviewed with an examining cardiologist. Specific note was made of drug use, symptoms possibly related to heart disease, and family history of cardiovascular abnormality. A thorough cardiovascular physical examination was performed independently by two cardiologists in a quiet room. Auscultation of the heart was performed in the supine, sitting, and standing positions and after squatting and during the strain phase of a Valsalva manoeuvre. A search was made for thoracic bony abnormalities including pectus excavatum and absence of normal thoracic kyphosis and for stigmata of Marfan's syndrome. Abnormalities detected by either examiner were recorded as positive.
A 12 lead electrocardiogram was recorded. Phonocardiograms were obtained in the supine position during suspended respiration before and after inhalation of amyl nitrite. Microphones were placed at the mid left sternal border and apex and filtered to display high (200 to 500 Hz), medium (100 to 200 Hz), and low (50 to 100 Hz) frequencies. Tracings were made at 50 mm/s with a simultaneous electrocardiogram and carotid pulse tracing using an Electronics for Medicine VR-12 recorder. Each record was examined independently by two cardiologists who had no knowledge of other findings. Clicks, murmurs, and other abnormalities reported by either examiner were regarded as positive.
M-mode echocardiograms were performed using an Electronics for Medicine Echo IV ultrasonoscope and a 2.25 MHz transducer focused at 5 cm. Subjects were studied in the 30 degree left lateral position. Recordings were made with the transducer at the left sternal border from as many intercostal spaces as possible. Note was made of the intercostal space from which the mitral valve could be recorded with the transducer remaining most nearly perpendicular to the chest wall. Numerous sweeps from the aortic valve and left atrium to the mitral valve and left ventricle were obtained. Each M-mode echocardiogram was reviewed by two independent observers who had no knowledge of other findings. Particular attention was directed toward detection of late systolic step-like posterior displacement of the mitral valve or pansystolic posterior bowing of greater than 2 mm posterior to a line connecting the C and D points of the mitral valve recording. Pansystolic or late systolic posterior motion greater than 2 mm recorded with the transducer perpendicular to the chest wall was regarded as true prolapse while posterior motion recorded from a non-perpendicular position was regarded as artefactual prolapse.
Two 
Results

TWO DIMENSIONAL ECHOCARDIOGRAPHY
Abnormalities were identified in the two dimensional echocardiograms obtained from three subjects. In one subject, both the anterior and posterior mitral leaflets sagged into the left atrium during systole (Fig. 1) . The mitral leaflets were both thin and pliable and showed no evidence of significant thickening or redundancy. There were no signs of left atrial enlargement or left ventricular volume overload. Motion of the mitral annulus was normal. The M-mode echocardiogram from this patient (Fig. 2) showed typical late systolic posterior displacement. Physical examination and phonocardiography disclosed a midsystolic click and late systolic murmur.
The electrocardiogram was normal. There were no skeletal abnormalities or stigmata of connective tissue disease. The subject denied cardiac symptoms but had fainted several years previously.
A second subject had only a mid to late systolic click on auscultation and phonocardiography. Physical examination was otherwise normal. The electrocardiogram and M-mode echocardiogram were normal. The two dimensional echocardiogram showed prolapse of a small part of both the anterior and posterior mitral leaflets above the plane of the mitral annulus without valvular thickening or redundancy. Motion of the mitral annulus did not appear to be excessive. The subject denied cardiac symptoms. A family member reportedly had a heart murmur.
A third subject had mild thickening of the anterior mitral leaflet on both the two dimensional and (Fig. 3) . None (Fig.  4) associated with a vertical QRS axis. None of the subjects with mitral valve prolapse by echocardiography or with isolated midsystolic clicks showed any arrhythmia, conduction disturbance, or ST-T wave changes.
The results of two dimensional and M-mode echocardiography, physical examination, and phonocardiography are summarised in the Table. Discussion Using two dimensional echocardiography as our diagnostic standard, we found only two cases of mitral valve prolapse in a series of 100 presumably healthy young women. One of these cases could not be diagnosed by M-mode echocardiography. One additional subject had slight thickening of the mitral leaflets, a finding of unknown significance. The prevalence of mitral valve prolapse as diagnosed by two dimensional echocardiography in our study population thus appears to be much less than that determined by previous studies which used phonocardiography, auscultation, and M-mode echocardiography as diagnostic standards.2 11 16 17 We also observed four additional subjects who had isolated midsystolic clicks; the click appeared in two subjects only after amyl nitrite inhalation. In the absence of other evidence indicating abnormality of the mitral valve, the site of origin of these clicks and their clinical significance are unknown."I For many reasons, the true prevalence of mitral valve prolapse has been difficult to establish. Prevalence may depend in part on the age, sex, associated disease processes, and other factors governing the selection of the population studied. Since mitral valve prolapse is usually a benign condition, surgical observations are not representative of the general population. A specific search for postmortem signs of mitral prolapse has not been made in any large necropsy series of patients dying from non-cardiac causes. But perhaps the greatest impediment to establishing the true prevalence of mitral valve prolapse has been the inability to define an absolute criterion for its diagnosis.
Although a midsystolic non-ejection click and a late systolic murmur are widely accepted as specific evidence of mitral valve prolapse, prolapse may exist with a normal physical examination.'8 An isolated midsystolic click is usually attributable to mitral or tricuspid prolapse but has many additional causes'9-22 and mid to late systolic murmurs may be caused by mitral regurgitation of other aetiologies. Auscultation is thus an imperfect diagnostic standard for mitral valve prolapse.
Angiography was an important tool in the early description and recognition of mitral valve prolapse. 4 23 Major difficulties, however, are encountered in attempting to define precise and quantifiable angiographic criteria for the diagnosis of mitral valve prolapse.24 Interobserver variability using angiography to detect mitral valve prolapse is extremely high,25 and many question the use of this invasive procedure as a diagnostic standard. 26 The initial descriptions of the M-mode echocardiographic features of mitral valve prolapse focused on late systolic posterior displacement of the mitral leaflets.6-8 Though the M-mode pattern of late systolic posterior displacement appears to be a feature reasonably specific for mitral valve prolapse, many patients with well documented prolapse do not show this classical pattern.9 Pansystolic posterior bowing of the mitral leaflets may also be seen in mitral valve prolapse9 10 but is a much less specific finding. 27 The technical aspects of the M-mode echocardiographic examination are extremely important to consider in the prevention of false positive and false negative diagnoses. If the ultrasound transducer is placed high on the chest wall and angled caudad to record the mitral valve, pansystolic posterior bowing of the initial leaflets can be produced in normal subjects. 28 29 In the present study, some pansystolic posterior bowing was produced artefactually in 20 of 100 normal subjects by placing the transducer in an abnormally high intercostal space.
Positioning of the M-mode transducer in an unusually low intercostal space may obscure features of mitral prolapse. " I Even classical late systolic posterior displacement of the mitral valve can be partially masked when the transducer is not perpendicular to the valve leaflets. It is likely that transducer positioning was responsible for the one negative M-mode echocardiogram in this study obtained from a subject with mitral prolapse on two dimensional echocardiography.
Findings of mitral valve prolapse by M-mode echocardiography and auscultation are frequently disparate. In one series, 41% of subjects with non-ejection clicks or late systolic murmurs had no evidence of prolapse by M-mode echocardiography."l Conversely, 33% of echoes in this series which showed mitral prolapse were not associated with ausculatory abnormalities. Comparisons of M-mode echocardiography and cineangiography have yielded similarly confusing results.303'
Two dimensional echocardiography has clarified many of the problems encountered by M-mode echocardiography.'3 The vector of abnormal mitral leaflet motion in prolapse appears to be in a superior as well as posterior direction. This superiorly directed abnormal motion may not be detected by the anteroposteriorly directed M-mode beam. In fact, superior motion of the leaflet may cause the M-mode beam to pass through an entirely different part of the valve during systole than during diastole. The spatial resolution of two dimensional echocardiography allows ready appreciation of the artefacts seen on M-mode echocardiography caused by high or low transducer position relative to the mitral valve.
Systolic superior movement of one or both mitral leaflets above the level of the mitral ring and posterior displacement of leaflet coaptation have been described as the primary abnormalities seen on the two dimensional echocardiogram in mitral prolapse.'4 Additional features may include a systolic curling motion of the mitral ring. Two dimensional echocardiography vividly displays areas of thickening and redundancy in severely affected valves and can detect torn chordae tendineae and flail leaflets.3233 Two dimensional echocardiography appears to be more sensitive in detecting mitral valve prolapse than either angiography or M-mode echocardiography. '4 Two dimensional echocardiographic views obtained from an apical acoustic window appear to be particularly useful in detecting mitral valve prolapse. 34 The plane of the mitral valve ring is especially easy to define in the apical views, allowing ready detection of any mitral tissue abnormally extending into the left atrium. Two dimensional echocardiography may also allow detection of tricuspid and aortic valve prolapse. 5 The use of two dimensional echocardiography in the current study showed a lesser prevalence of mitral prolapse than previous studies using other modes of diagnosis. Mitral valve prolapse was still a frequent finding, occurring in 2% of the population studied. Bias in selection of the study population may have had an effect on these results. For example, most of the subjects in this study were hospital personnel who may have had a more sophisticated knowledge of cardiac disease and could have undergone more thorough diagnostic screening procedures before volunteering for this study. Subjects with mitral valve prolapse may thus have already been diagnosed and therefore not volunteered for this study. Alternatively, many of the subjects included in this study admitted to previous knowledge that they had a heart murmur, not a reason for exclusion unless a physician had told the subject that the murmur represented a definite heart abnormality, and therefore the primary incentive for volunteering for this study may have been a free cardiac consultation. Others may have failed to volunteer because of fear that an abnormality would be found.
We conclude that two dimensional echocardiography identifies a small but significant number of subjects in an otherwise healthy population of young women who have anatomical abnormalities of the mitral valve indicative of mitral valve prolapse. The prevalence of mitral valve prolapse diagnosed by two dimensional echocardiography in this study is much less than that previously reported using other techniques. Two dimensional echocardiography appears to provide a superior description of the pathological anatomy of mitral prolapse and allows a direct specific diagnosis. The numerous advantages of two dimensional echocardiography make it as close to a "gold standard" for the diagnosis of mitral valve prolapse as is currently available. Hopefully, reliance on two dimensional echocardiography to detect the anatomical and structural abnormalities of mitral valve prolapse will avoid overdiagnosis and identification of large segments of the normal healthy population as having heart disease. Further study will be required to relate two dimensional echocardiographic features of mitral valve prolapse to symptoms, prognosis, and the efficacy of intervention. The genesis and significance of isolated midsystolic clicks without echocardiographic abnormalities remain uncertain. It is possible that longitudinal studies of such subjects will show evolution of typical mitral valve prolapse. Alternatively, isolated midsystolic clicks, particularly those occurring only after provocative manoeuvres, may not originate in the mitral valve at all and may be of no clinical significance.
